To assess the possible impact of transgenic poplar plantations on the ecosystem, we analyzed the frequency and distance of gene flow from a mature male transgenic Populus nigra carried Bacillus thuringiensis toxin gene (Bt-OE poplar) plantation, and the survival of Bt-OE poplar seeds as well. The resultant Bt-OE poplar seeds occurred at a frequency from 0.15% at 0 m to ~0.02% at 500 m far away from the Bt-OE poplar. The Bt-OE poplar seeds weaken and even lost germinated activation within 3 weeks in the field (from 68% to 0%), compared to the 48% germination rate after 3 weeks in 4°C. The survival rate of seedlings in the field is 0% without any treatments, but increased to 1.7% under four treatments (Clean and trim, watering, weeding, and cover with plastic to keep moisture) together after seeded in the field for eight weeks. Results of this study indicate that gene flow originated from Bt-OE poplar plantation through pollen and seed could happen at a very low rate and in a limited range in natural conditions. This study provide the first-hand field data on the extent of transgene flow in poplar plantations, and offer guidance for risk assessment of transgenic poplar plantations.
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28 Introduction
29
A major concern on the commercialization of transgenic forest trees is their gene flow, through 30 which the transgenes may spread from the transgenic trees to nature forests. Although gene flow 31 is a very common natural phenomenon and an important process of evolution, the movement of 32 transgenes from genetic modified plants to populations of wild or relatives may be considered 33 undesirable and lead to undesirable environmental consequences, such as more aggressive weeds, 34 loss of germplasm, or increased non-target organisms and biodiversity losses. 35 Trees are long-lived, and their exposure to the environment occurs over a much longer time 36 than annual crops (Neale and Ingvarsson, 2008; Niinemets, 2010) . Poplar, as a fast-growing tree with 37 8-15 years in rotation, has been used for genetic transformation both for research and breeding 38 (Bradshaw et al., 2000; Jansson and Douglas, 2007) . Cross-pollination of poplars in plantation with their 39 wild relatives is of major concern due to the broad compatibility within and among species even 40 belonging to different sections of Populus (Eckenwalder, 1996 (Fig. 3B ) and the frequency of Bt seeds occurred in the collected seeds were listed in Bt-OE poplar seeds were sowed in field conditions under different treatments (see materials 128 and methods). No seedlings were found in the two plots without any treatments. For the six 129 cleaned/trimmed, watered and plastic-film covered plots at the two sites, the rate of seedling 130 establishment varied from 0.3 and 11.3% after one week but decreased to 0.2%~3.5% after two 131 months (Table 3) . There was only 0.3% of the germination rate of Bt-OE poplar seeds at one plot 132 due to water flow formed by raining two days after the seeding.
133 Discussion
134
The concern about transgene escape via pollen and seeds of transgenic trees is its possible 135 negative effect on the natural forest ecological system, which has hurdled the application of 136 transgenic trees (Haggman et al., 2013) . It is thus important to access the pollen dispersal, the seed 137 production and seedling survival of transgenic trees. Previous studies have used established stands 138 and simulation models to explore the consequences of introducing new genes into the environment. 139 In this study, we take the advantage of the commercialized insect-resistance transgenic poplar 140 (Ewald et al., 2006) and for the first time, we have provided the empirical data to evaluate the 141 possibility of gene flow through pollen and seeds. showed that only a minor part of gene flow took place at distances beyond 1 km, and poplar seeds 173 generally had shorter dispersal distances with a maximum distance of 500 m. Bialozyt (2012) 174 reported that most of the effective pollinations (75%) occurred within a distance < 1,000 m 175 between native black poplar trees (P. nigra) and its commercial hybrid (P. × canadensis), and only 176 a very limited proportion of effective pollinations occurred at distances > 2 km in central Germany. 177 Therefore, there was a wide range in the distance of pollen dispersal accessed in poplar plantations 178 based on population studies and models. In our study, the results indicated that the pollen dispersal 179 of Bt poplars occurred within 500 m in distance, which is close to the minimum limit of the 180 predicted based on models or population analysis. Dispersal of Bt pollens is also affected by the 181 wind direction during flowering period in spring. Due to the prevailing wind direction from 182 northwest to south-east in the study site, it is reasonable that no Bt pollen pollinated seeds has been 183 detected in the north-east site (NE01), though the separation of about 200 meter poplar plantation 184 in wide between the TPP and the site NE01 may also limit the Bt pollens dispersal.
185
The formation of a hybrid plant does not mean a wild population will be established (Chandler 186 and Dunwell, 2008 299 and northern east (NE01). The distances from sampling trees to TPP were shown in Table 1 . Pies 300 show the proportion of the candidate paternity for the collected seeds at three sites. 
